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Description 

Fuel cell and heating device of a fuel cell 

The invention relates to a fuel cell with a separator which is 
disposed between electrolyte-electrode units and through which 
a coolant can flow. A fuel cell of this type is known e.g. from 
EP 0 876 686 Bl . The invention additionally relates to a 
heating device for a fuel cell. 

The fuel cell known from EP 0 876 686 Bl has a separator which 
is disposed between two electrolyte-electrode units in each 
case and which separates three flow chambers from one another, 
namely a gas chamber bordering an anode of a first electrolyte- 
electrode unit, a gas chamber bordering a cathode of a second 
electrolyte-electrode unit and a coolant chamber for a fluid 
coolant, the coolant chamber being delimited by a separator 
consisting of a unit comprising two .plates overlying one 
another. In addition to directing the flow, the separator has 
the task of establishing an electrical connection between the 
opposite electrolyte-electrode units. The more extensive the 
contact surfaces between the individual plates of the 
separator, the higher the conductance of the electrical 
connection formed by the separator between the adjacent 
electrolyte-electrode units. However, coolant flow is 
restricted by large-area contacting of the two plates. 



The object of the invention is to specify a fuel cell which 
meets, to a particularly large extent, the competing 
requirements for a separator in respect of cooling on the one 
hand and electrical properties on the other. The object of the 
invention is additionally to specify a particularly suitable 
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heating device for a fuel cell, in particular for a humidifier 
xmit of a fuel cell, 

This object is achieved according to the invention by a fuel 
cell having the features set forth in claim 1 and by a heating 
device having the features set forth in claim 11. The fuel cell 
has, in the essentially known manner, two parallel opposite 
electrolyte-electrode units between which there is disposed a 
separator which separates three fluid chambers, namely two gas 
chambers facing the electrolyte-electrode units in each case 
and a cooling chamber formed between abutting embossed plates 
of the separator. This cooling chamber, specifically for a 
fluid coolant, is subdivided into two subchambers each facing a 
plate and therefore facing an electrolyte-electrode unit in 
each case. 

An imaginary parting plane between the subchambers intersects 
the separator preferably centrally and parallel to the adjacent 
electrolyte-electrode units. The two embossed plates of the 
separator are preferably interconnected at contact surfaces in 
the parting plane. However, the contact surfaces are not 
necessarily disposed in a single plane and not necessarily 
oriented parallel to the electrolyte-electrode units. 

In each case the coolant chamber is implemented in such a way 
that the coolant can flow through the separator solely on flow 
paths which consecutively intersect the two subchambers. In 
other words: the coolant flows through the two subchambers 
alternately, each particle of coolant flowing through the 
separator preferably changing several times between the two 
subchambers. The enforced flow from one subchamber of the 
coolant chamber to the other subchamber produces good 
intermixing of the coolant in the coolant chamber as well as 
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good heat transfer between the separator surfaces facing the 
electrolyte-electrode units and the coolant. The temperature 
gradients between adjacent electrolyte-electrode units are 
therefore minimized. The contact surfaces between the 
5 individual plates of the separator are located not only on the 
edge of the separator but also inside the generally rectangular 
surface of the separator. These inner contact surfaces serve 
not only to direct coolant within the subchambers, but are also 
used for electrical contacting between the individual plates. 

10 The electric current between spaced electrolyte-electrode units 
is therefore spread over a plurality of contact surfaces within 
the separator. The contact surfaces are preferably distributed 
at least approximately xiniformly over the surface of the 
separator. In this way, regions of increased current density 

15 and therefore increased heat dissipation are avoided or at 
least minimized. 

According to preferred embodiments, the plates overlying one 
another have virtually identical embossings. According to a 

20 first preferred embodiment, these are essentially circular, in 
the manner of dimples. The dimples can likewise be e.g. 
polygonal or any other shape. The plates having a dimpled 
pattern are offset relative to one another so that flow paths 
for the coolant are created between the plates. At least one of 

25 the plates does not have a plane of symmetry of the dimpling 
that is identical to the plane of symmetry of the separator 
disposed perpendicularly to the electrolyte-electrode units. 
Provided that both dimple patterns of the plates have their own 
plane of symmetry - perpendicular to the plate - these planes 

30 of symmetry are offset to one another. 

According to another preferred alternative, the embossings of 
the plates are implemented in a rib-shaped manner. In this case 



PCT/EP2004/004066 / 2003P03453WOUS 

4 

the ribs of the two plates are rotated or mirrored relative to 
one another in the plate plane in order to create flow paths 
for the coolant. The individual ribs are not necessarily 
straight. In this case also, any existing plane of syiranetry of 
the embossing pattern of at least one plate is not identical to 
the generally preexisting plane of symmetry of the plate, 
particularly in the case of a fuel cell of rectangular 
construction . 

In order to achieve a particularly low electrical resistance 
between the plates overlying one another, their contact 
surfaces are preferably provided with a suitable coating, 
specifically electrodeposited, preferably gold-plated. The 
total surface area of the contact surfaces between the plates 
is preferably at least 10%, specifically at least 20%, of the 
total fluid-receiving surface area of the separator. In order 
to allow a sufficiently low-resistance coolant flow in the 
separator, the contact surfaces preferably have a surface area 
of not more than the 90%, specifically not more than 80%, of 
the total separator surface area. 

A heating device according to the invention for a fuel cell 
block, particularly for a humidifier of a fuel cell having the 
features set forth in claim 1, has a heating element as a flow 
directing element which is basically constructed according to 
the separator of the fuel cell. The heating device is laterally 
bounded by edge plates instead of electrolyte-electrode units. 
The further developments and advantages described in connection 
with the fuel cell apply, with the exception of the electrical 
characteristics, equally to the heating device. The heating 
medivim can be routed either inside or outside the flow chamber 
formed between the plates. The medium to be heated is in the 
other flow chamber or flow chambers in each case. 



PCT/EP2004/004066 / 2003P03453WOUS 



5 



The particular advantage of the invention is that two 
separator- forming plates of a fuel cell are connected in such a 
way that current conduction perpendicular to the electrolyte- 
electrode units of the fuel cell is made possible not only in 
the frame-shaped edge region but also in the inner region of 
the separator, causing the separator to have a particularly low 
electrical resistance distributed virtually uniformly over the 
surface, a flow channel for the coolant being simultaneously 
created by the disposition of the generally regularly disposed 
raised features or depressions in the plates and in the contact 
surfaces between the plates, which channel alternately borders 
on the two opposite surfaces of the separator, thereby allowing 
intensive and uniform heat dissipation from the adjacent 
electrolyte-electrode units. In a particularly rational manner, 
a heat transfer device with a construction corresponding to the 
separator is simultaneously used as a heating element for a ' 
humidifier of the fuel cell. 

A number of exemplary embodiments of the invention will now be 
explained in greater detail with reference to the accompanying 
drawings in which: 

FIG 1 shows an embossed plate as part of a separator of a 



fuel cell. 



FIG 2 



shows a separator constructed from two embossed 



plates , 



FIG 5 



FIG 3 



FIG 4 



shows a partially truncated plan view of the 
separator according to FIG 2 , 

shows a separator plate with a rib-shaped embossing 
pattern in a view similar to FIG 3, 
shows a section of a separator with coolant 
connecting channels. 



PCT/EP2004/004056 / 2003P03453WOUS 

6 

FIG 6 shows an overall view of a separator plate embossed 

in a dimpled pattern, 
FIG 7 shows an overall view of a separator plate embossed 

in a ribbed pattern. 

Equivalent parts are identified by identical reference ntimerals 
in all the Figures. 

FIGS 1 to 3 show details, in cross section or plan view, of a 
separator 1 of a fuel cell (not shown) known in principle from 
e.g. EP 0 876 686 Bl . An electrolyte-electrode unit 2 adjacent 
to the separator 1, which is formed from assembled plates 3,4, 
is only indicated in FIG 1 . Each plate 3 , 4 has an embossing 5 
in the form of a dimpled pattern, the embossing direction P of 
the bottom plate 4 in FIG 2 being opposite to the embossing 
direction of the upper plate 3. The original plane of the 
plates 3,4 forms a center plane M. In the center plane M, the 
plates 3,4 are electrically interconnected at contact surfaces 
6, as is particularly apparent from FIG 3. The individual, 
mutually separated contact surfaces 6 are, as is further 
apparent from FIG 3, uniformly distributed over the surface of 
the separator 1 . 

The separator 1 disposed between adjacent electrolyte-electrode 
units 2 delimits three fluid chambers 7,8, 9, namely a gas 
chamber 7,8 bordering an electrolyte-electrode unit 2 in each 
case as well as a coolant chamber 9 disposed between the plates 
3,4 for a fluid coolant, particularly water. The coolant 
chamber 9 is divided into two subchambers 10,11 bordering one 
another on the central plane M and which are formed from a 
plurality of dimple-shaped depressions 12. It is possible for 
coolant to flow through the separator 1 parallel to the center 
plane M , as the plates 3,4 are offset relative to one another 
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in such a way that the depression 12 of a plate 3,4 is 
connected in each case to three depressions 12 of the opposite 
plate 4,3 by an overflow section 13, thereby forming a 
reticulated cooling chamber structure covering the entire 
surface of the separator 1. When coolant flows from a 
depression 12 of a plate 3,4 into the opposite plate 4,3, the 
coolant is automatically directed from one subchamber 10,11 to 
the opposite subchamber 11,10. The coolant therefore 
continuously undergoes a change of direction perpendicular to 
the separator 1. In addition, the coolant is also continuously 
diverted in directions parallel to the center plane M by the 
offset arrangement of the depressions 12. Each particle of the 
coolant therefore describes a three-dimensional flow 
trajectory, in a manner comparable to the flow in a pebble bed, 
for example. All in all, this provides a very uniform 
intermixing of the coolant within the separator 1 as well as a 
very good heat transfer performance between the electrolyte- 
electrode units 2 and the coolant. Even if coolant is 
introduced into the separator 1 at one location only, it is 
distributed widthwise within a short distance. Flow takes place 
with a uniform flow resistance within the surface of the 
separator 1. There is no need for any distributor elements or 
spacers between the plates 3,4 or between adjacent electrolyte- 
electrode units 2. The absence of such components, in addition 
to the interleaved arrangement of coolant chamber 9 and gas 
chambers 7,8 which is provided by the dimpled pattern of the 
plates 3,4, contributes to the particularly narrow design of 
the fuel cell, the temperature distribution in the center plane 
M being very uniform in spite of the absence of flow-directing 
components in addition to the separator 1, also known as a 
bipolar plate or cooling card. This contributes to a very high 
achievable output and high efficiency of the fuel cell. The 
realizable manufacturing precision further contributes thereto. 
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High precision is facilitated by the fact that, in the 
manufacturing process, the separator plates 1 can be inserted 
between the electrolyte-electrode units 2 in a distortion-free 
manner , wi thout soldering . 

The abovementioned advantages of the separator 1 likewise apply 
when it is used as a heating element or heating register in a 
heating device of a humidifier for the fuel cell. All the 
Figures also show the structure of a heating element 1' . In 
this case, either the fluid chamber 9 disposed between the 
'plates 3,4 or at least one of the fluid chambers 7,8 disposed 
outside the plates 3,4 acts as a heating medium chamber through 
which a heating medium flows. The medium to be heated is in at 
least one of the fluid or flow chambers 7,8,9. The arrangement 
is bounded by edge plates 2 ' instead of the electrolyte- 
electrode units 2 . 

When the separator 1 is used in a fuel cell, the separator 1 
also serves to establish the electrical connection between 
adjacent electrolyte-electrode units 2. The electric current 
flows perpendicularly to the center plane M through the plates 
3,4 and the contact surfaces 6. Due to the uniform and 
altogether large-area distribution of the contact surfaces 6 
inside the separator plate 1, an electrical connection with 
short current paths and very low resistance is provided. To 
improve conductance, the contact surfaces 6 of the plates 3,4 
are gold-plated. The low dissipation in addition to the even 
distribution of the current flow via the separator 1 
contributes to a high output and a high degree of efficiency of 
the fuel cell. 

FIG 4 shows an alternative embodiment of a separator 1. In this 
case the embossing 5 has a ribbed structure. The pattern of the 
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embossings 5 of the two plates 3,4 emerges by rotating them 

apart in the center plane M. The advantages mentioned in 
connection with the exemplary embodiment according to FIGS 1 to 
3 in respect of coolant distribution and current conduction 
similarly apply. 

The separator 1 shown in FIG 5 is constructed according to the 
example illustrated in FIGS 1 to 3 . Additionally visible in FIG 
5 are depressions 14 forming tubular chambers for the 
connection of a radial channel (not shown) for the coolant. 
Corresponding depressions which likewise establish connections 
to channels (not shown) running perpendicular to the drawing 
plane, are also located on the (in the drawing) left-hand side 
of the separator 1. The depressions 14 in the plate 3,4 do not 
increase their thickness, or do not do so substantially. The 
flow direction of the coolant in the coolant chamber 9 can bear 
any angular relation to the flow directions of the gases, 
specifically hydrogen and oxygen, in the gas chambers 7,8. 

FIGS 6 and 7 illustrate general features of the embossings 5 of 
the plates 3,4 on the basis of an exemplary embodiment with a 
dimpled and a rib-shaped embossing 5 respectively. In both 
exemplary embodiments a line of symmetry S of the rectangular 
separator 1 is marked. The embossing 5 disposed on the side of 
the separator 1 facing away from the observer (not visible in 
the drawings) is implemented symmetrically with respect to the 
line of symmetry S in each case. On the other hand, the 
embossing 5 (visible in the drawings) on the plate 3 facing the 
observer, as identifiable on the basis of an embossing line of 
symmetry SL, is displaced (FIG 6) or deformed (FIG 7) relative 
to the line of symmetry S. Unlike in the exemplary embodiments, 
the plates 3,4 can also have differently patterned and/or 
dimensioned embossings 5. 



